Inflammation plays a major role in many diseases, for instance in arteriosclerosis, rheumatoid arthritis, autoimmune disorders and cancer. Since many plants contain compounds with anti-inflammatory activity, their consumption may be able to prevent the development of inflammatory-based diseases. Edible ferns are some of the most important wild vegetables in China and have traditionally been used both for dietary and therapeutic purposes. In this study we investigated the anti-inflammatory and antioxidant potential of fern extracts from Matteuccia struthiopteris, Osmunda japonica, Matteuccia orientalis and Pteridium aquilinum intended for use as nutraceuticals. Two modes of action were investigated: the inhibition of the pro-inflammatory gene expression of interleukin-1 beta (IL1-) and interleukin-6 (IL6), and the gene expression of iNOS by LPS-elicited macrophages. The results showed a decrease of IL1- gene expression for the five fern extracts. This effect was more pronounced for the extracts prepared from the roots of O. japonica (IC 50 of 17.8 µg/mL) and the young fronds of M. orientalis (50.0 µg/mL). Regarding the indirect measurement of NO, via iNOS gene expression, an interesting decrease of 50% was obtained with the extract of M. orientalis fronds at a low concentration (20 µg/mL) compared with P. aquilinum fronds (160 µg/mL) and leaves of O. japonica. The latter showed a higher decrease but at a high concentration of extract (160 µg/mL). The five fern extracts were also evaluated for their ability to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS). All fern extracts exhibited antioxidant effects but the roots of O. japonica and the fronds of M. orientalis were most efficient. The HPLC-MS analysis of the constituents of the fern extracts confirmed the presence of chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, kaempferol and apigenin, molecules known to exhibit antiinflammatory and/or antioxidant properties.
In 2000 one billion people were thought to use wild edible plants (WEP) in their diet according to the Food and Agriculture Organisation of the United Nations (FAO) [1] . In developing countries [2] , as well as in some Western countries [3, 4] such as Italy, Japan [5] , Spain and Portugal [6] , numerous WEP are known. In addition to the nutritional aspect many wild plants have medicinal use [7, 8] due to the presence of bioactive compounds [4] . In fact, it is mostly a Western concept to distinguish between food and medicinal plants [1, 7] . This is illustrated by Cruz-Garcia's study in Northeast Thailand that showed that 60% of WEP have a medicinal use [9] . In many species roots, seeds or the whole plant have specific medicinal uses, while leaves and young shoots are used as vegetable [7] . Etkin and Ross note that little is known about the benefits of low-level consumption of such plants [8, 10] .
The use and knowledge of WEP properties in industrialised countries appear to be declining [11] . The recent renewed interest in WEP in the USA, Europe and Australia is focused towards their 'non-nutritive' health role [7] . Complementary and alternative medicine (CAM), including herbal treatment such as those under the terms of "Traditional Chinese Medicine" (TCM) [12] or Kampo (Japanese), seems to benefit from a growing popularity: In 2010 the USA was the biggest importer of TCM products from China, spending US$ 7.6 billion, while exports of TCM products from China to European countries amounted to nearly US$ 2 billion, a figure that increases by 10% every year [13] . However, there are many obstacles to WEP product derived commercialisation, such as supply problems, missing quality standards, insufficient storage and processing technology, low availability of substitutes and a relatively high price for the raw material [1] .
Chinese forests contain a wide assortment of plants with market potential: no fewer than 52 species of edible ferns belong to edible greens commonly harvested. The good availability of ferns on Chinese markets led us to investigate the antiinflammatory and antioxidant properties of Matteuccia struthiopteris and Osmunda japonica, identify the corresponding bioactive secondary metabolites and evaluate their potential as nutraceuticals. However, ferns obtained from Chinese markets under the Latin and Chinese names of either M. struthiopteris ( 果蕨 荚 /黄瓜香) or O. japonica (紫萁) turned out to belong to four different species, namely, Pteridium aquilinum var. latiusculum, O. japonica, M. struthiopteris and Matteuccia orientalis. The reason is that a specific fern is not unanimously assignable in different locations of China only by given different Chinese characters: P. aquilinum var. latiusculum, "蕨" in Chinese, is also called "Juecai" "蕨菜", "Longzhuacai" " 爪菜 龙 ", and "Ruyicai" "如意菜"; Osmunda japonica, "紫萁" in Chinese, can be found under the name of "Weicai" "薇菜"; M. struthiopteris, " 果蕨 荚 " in Chinese, is named
The correct species determination is crucial for its potential use as a nutraceutical: Ferns, especially young fronds, are used as animal and human food in some areas of the world; however, some of them are toxic to livestock [23] . In the present study, the potential cytotoxicity of the extracts was assessed using the MTT (3-[4,5dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay on a mouse macrophage-like cell line (RAW 264.7 cells). For each of the five extracts, seven concentrations were tested (2.5, 5, 10, 20, 40, 80 and 160 µg/mL). The results showed no significant difference (ANOVA Dunn's method; *p < 0.05), with the following exceptions: M. orientalis 5 µg/mL vs. 80 µg/mL, 5 µg/mL vs.
160 µg/mL and 40 µg/mL vs. 80 µg/mL. Despite these differences, there was no decrease in the viability of the cells, allowing the conclusion that the plant extracts studied here are not cytotoxic in this cell test. However, root extracts of M. orientalis were described as showing moderate cytotoxicity to keratinocyte HaCaT cells at 200 µg/mL of extract: 80% of cells were viable using the MTT assay [24] . P. aquilinum causes toxicity syndromes, such as acute hemorrhagic syndrome, retinal degeneration and severe leucopenia [23, 25] . While some studies show that extracts of P. aquilinum induce oral cells apoptosis [26] , other investigations on mice blood count and splenic cells [25] , as well as the results presented here on macrophages did not find an effect on cell viability. These contradictory results might be explained by the differing designs of the experiments, cells, quantities of the plant extract used, different collection sites and season of the fern. Due to its ptaquiloside (1) content, P. aquilinum is highly carcinogenic [27] . Under acidic or weakly basic conditions ptaquiloside is rapidly deglucosylated to the unstable bracken dienone (2) , which cleaves DNA strands [23] . Then, bracken dienone is immediately converted to pterosin B (3) ( Figure 2 ) [28] . Since we extracted P. aquilinum under reflux, only pterosin B, but no ptaquiloside was visible in the HPLC chromatogram ( Figure 1A ). Consequently, P. aquilinum extract showed no toxicity to macrophages. Our finding is in accordance with the assumption that only bracken dienone is carcinogenic but not pterosin B [23] .
The use of plant extracts as anti-inflammatory therapeutics or as nutraceuticals to decrease the level of inflammation is widely reported [29] [30] [31] . However, the suitability of ferns for the development of anti-inflammatory nutraceuticals has not been investigated well so far. Consequently, we tested the five fern extracts mentioned above for the gene expression of two proinflammatory cytokines, interleukin-1 beta (IL1-) and interleukin-6 (IL6). These two cytokines are well-known inflammatory mediators that modulate acute and chronic inflammatory conditions [32, 33] . We determined the inhibitory effects of the extracts on the lipopolysaccharide (LPS)-stimulated gene expression of cytokines in RAW 264.7 cells. The results showed a decrease of the IL1- gene expression for all five fern extracts. This effect was more pronounced for the extracts prepared The plant extract significantly suppressed the proinflammatory secretion of tumor necrosis factor alpha (TNF-) and interleukin 8 (IL8) in THP-1 cells, a human monocytic cell line [24] . P. aquilinum has already been investigated for its antiinflammatory potential and the relation between its carcinogenic effect and its ability to induce an immunosuppressive environment [34] . Different studies describe the capability of P. aquilinum to reduce the white pulp area of the spleen in mice and bovines [34, 35] . Also, mice treated with P. aquilinum showed a reduction in delayed-type hypersensitivity (DTH) response, demonstrating for the first time that this fern diminishes cellular immune response [34] .
Nitric oxide (NO) is also recognized as a mediator and regulator of inflammatory responses [36] . NO is produced by immune cells, such as macrophages and neutrophils, displaying cytotoxic properties against pathogenic microbes. This reactive oxygen species (ROS) is synthesized from L-arginine in a reaction catalyzed by the inducible nitric oxide (iNOS) enzyme [37] . The gene expression of this enzyme is induced by microbial products, such as lipopolysaccarides (LPS), and pro-inflammatory cytokines, such as IL1, TNF- and IFN-. Thus, the anti-inflammatory potency of the plant extracts can be evaluated by measuring indirectly NO formation by determination of the iNOS gene expression. Our study shows (Tab. 2) a decrease of iNOS gene expression in RAW264.7 cells after LPS stimulation. A decrease of 50% was obtained with extracts from M. orientalis fronds at a concentration of 20 µg/mL, while a similar decrease with an extract of P. aquilinum fronds or leaves of O. japonica required higher concentrations of 160 µg/mL. Roots of O. japonica and young fronds of M. struthiopteris were also tested but did not exhibit a decrease of iNOS gene expression at the tested doses and under our experimental set-up. Amongst the four ferns studied only P. aquilinum has previously been investigated for its inhibitory effect on ROS [29] .
So far, many WEP have already been positively screened for the presence of natural antioxidants. In this study we evaluated the antioxidant potential of P. aquilinum, O. japonica, M. struthiopteris and M. orientalis, using 2,2'-azino-bis(3-ethylbenzothiazoline-6sulphonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) assays. In the Trolox equivalent antioxidant capacity (TEAC) assay (Tab. 3), the five fern extracts studied showed a strong antioxidant activity. Indeed, the roots of O. japonica and M. orientalis almost completely quenched ABTS radical at 50 and 100 µg/mL. The ABTS radical was also inhibited in a dosedependent manner for the other fern extracts. In the DPPH assay both extracts of the roots of O. japonica and the fronds of M. orientalis showed, at 50 µg/mL, a significant scavenging effect (approximately 50%) on the DPPH free radical, confirming the first antioxidant assay. It has already been demonstrated that both crude polysaccharides and purified polysaccharides extracted from P. aquilinum have a strong antioxidant effect, and their scavenging activity to DPPH radicals are 50% and 83% at a dose of 800 µg/mL [38] . M. struthiopteris is known as a plant with high antioxidative activity [38] , due to the presence of phenolic compounds. It is known that L-O-caffeoylhomoserine exhibits a radical scavenging activity comparable with that of quercetin [39, 40] and other extracts from well-known antioxidative plants (e.g., blueberry and grape) [41] . Our own investigation of the secondary metabolites of P. aquilinum, O. japonica, M. struthiopteris and M. orientalis revealed that caffeic acid is only one of many other cinnamic acid derivatives (Tab. 1) besides compounds such as p-coumaric acid [42] , ferulic acid [43] and chlorogenic acid [44, 45] which are also considered as antioxidants. The occurrence of this last compound in M. struthiopteris has already been reported [40] . M. struthiopteris (D) contains also kaempferol and apigenin, two flavones that show anti-inflammatory [46, 47] and antioxidant activity [48] [49] . While the occurrence of apigenin is already known, the occurrence of kaempferol in M. struthiopteris has not been reported so far [50] . In O. japonica (B) p-hydroxybenzoic acid, a weak active radical scavenger, has been found [43] . Moreover, extracts of O. japonica (B) and M. orientalis (E) contain the two flavanones matteucinol and demethoxymatteucinol [51] , but anti-inflammatory effects have not been reported for those compounds so far.
Our investigations confirm that P. aquilinum, O. japonica, M. struthiopteris and M. orientalis exhibit anti-inflammatory and antioxidant activities, which can be attributed to the presence of a variety of phenolic compounds. A diligent species identification proved that the collected plants belong to four different species.
Since several species are sometimes known under the same local Chinese name, proper species identification is crucial for any product development. Moreover, our study confirms that confusing different ferns, such as the potentially toxic P. aquilinum with the edible M. struthiopteris, might be fatal.
Experimental
Plant material: Young fronds of P. aquilinum var. latiusculum (plant source for extract A) were collected by the plant supplier Gong in Guiyang, Guizhou province, P.R. China in May 2010. 
HPLC-UV fingerprints:
HPLC grade solvents, acetonitrile and methanol were purchased from Merck (Darmstadt, Germany). Pure water was purchased from Wahaha (Hangzhou, China). Other reagents and chemicals were of analytical grade. All solvents and samples were filtered through a 0.45 μm nylon membrane before analysis. All weighing operations were performed with a Mettler Analytical Balance AE240 (Mettler-Toledo International Inc., Switzerland). The reference compounds pterosin A and B were provided by Bicoll Biotechnology (Shanghai) Co. Ltd. The HPLC system was an Agilent 1100 (Agilent, USA) equipped with a quaternary pump, a vacuum degasser, a VWD detector, a column oven, a Rheodyne-7725i manual sampler and an HPLC column (Phenomenex Luna-C18(2), 5 μm, 4.6  250 mm). Sample preparation: 1.0 mg extract was dissolved in 1.0 mL water and filtered through a 0.45 μm nylon membrane prior to analysis; 0.5 mg of reference compound was dissolved in 1.0 mL methanol and filtered through a 0.45 μm nylon membrane prior to analysis. 
HPLC-ESI-MS/MS analysis:
Separation and identification of typical secondary metabolites of the fern extracts A, B, D and E was performed with an Agilent 1100 HPLC system, equipped with a G1322A degasser, a G1312A binary pump, a G1313A ALS autosampler, a G1316A column compartment and a G1315A photo diode array detector. The HPLC was coupled to a Thermo Finnigan LCQ Deca XP Plus mass spectrometer (equipped with a Finnigan ESI ion source interface operating in the positive and negative mode); column: Macherey-Nagel Nucleodur C18ec, 3 × 250 mm, 5 µm; gradient: 1 min isocratic 100% H Trolox equivalent antioxidant capacity (TEAC); free radical scavenging properties by diphenyl-1-picrylhydrazyl radical (DPPH).
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A C -3 ' a n d R : 5 ' -TGTTTGCCGTCACTCCGCTG-3'. Cycling parameters were as follows: 95°C for 90 s followed by 40 cycles of 95°C for 10 s, 55°C (Cyclo, Il6 and Il1-) or 60°C (iNOS) for 15 s and 72°C for 15 s. To detect non-specific PCR products (primer-dimers) a dissociation curve was performed at the end of the program: 95°C for 30 s, 55°C (Cyclo, Il6 and Il1-) or 60°C (iNOS) for 10 s and then 30°C for 30 s. Relative gene expression was calculated by comparing the number of thermal cycles that were necessary to generate threshold amounts of product (CT). This parameter was calculated for the genes of interest (CT IL6 or IL1- or TNF- or iNOS) and the HKG (CT HKG). The last served to standardize the initial amount of material used, allowing an accurate comparison of the different cDNA samples (CT).
Trolox equivalent antioxidant capacity (TEAC) assay:
This method is based on the ability of antioxidant molecules to quench the long-lived radical ABTS°+, a blue-green chromophore with characteristic absorption at 734 nm, compared with Trolox, a watersoluble vitamin E analog, as a positive control. Samples of the test substances and Trolox were diluted in PBS buffer in order to obtain the selected concentrations. Then 200 µL of ABTS°+ at 7 mM concentration was added to 50 µL of either sample or Trolox solution in 96-well plates. Absorbance of the different samples was read every 2 min. for 6 min. (incubation time) at room temperature. Results are presented in percentage ABTS radical inhibition and Trolox equivalents (µg/mL).
DPPH antioxidant assay:
The test was performed in 96 well-plates. DPPH solution (190 µL; 150 µM) in ethanol was mixed with 10 µL of sample solution prepared in PBS buffer at the selected concentrations. The absorbance of the mixture was read at 540 nm every 5 min. for 30 min. at room temperature. Upon reduction, the color of the solution fades (violet to pale yellow color). The percentage of reduction (referred to as "inhibition" or "quenching"), reflects the free radical scavenging capacity of the sample tested. Trolox was again used as a positive control. Results are presented as percentage of inhibition of the DPPH radical.
Statistical analysis:
Data represent means  SD and were analysed using either the Student's t-test or ANOVA, where appropriate. Statistical significant was considered at p < 0.05, p < 0.01 and p < 0.001.
